Production of large amounts of immunoglobulins largely restricted to the immunoglobulin G2a (IgG2a) subclass is observed in mice infected with various types of viruses (1, 8, 10, 20) . Experiments with adenovirus and lactate dehydrogenase-elevating virus (LDV) indicated that only a small fraction of these immunoglobulins (<5 to 10%) were antiviral antibodies and suggested that most of them resulted from a polyclonal activation of B lymphocytes (8, 10) . Although a role of these immunoglobulins in the defense of the host cannot be excluded, virally induced polyclonal activation could result in autoimmune reactions and immunodeficiency (1, 20 ; C. J. Pfau, personal communication).
In this work, we studied in further detail the activation of spleen cells induced by infection with adenovirus and LDV. We investigated the role of T-helper cells by using a monoclonal anti-CD4 antibody (MAb) able to inhibit T-dependent immune responses in vivo (7) . This treatment strongly depressed the production of IgG2a but did not affect the proliferation of B lymphocytes. We also tested the ability of different factors to restore the secretion of various immunoglobulin isotypes by such virally activated B cells from T-depleted animals.
MATERIALS AND METHODS
Mice. Specific-pathogen-free female CBA/Ht and CBA/Rij mice were purchased from the Ludwig Institute for Cancer Research and used at the age of 8 weeks.
Viruses. Mice were infected by intraperitoneal injection of approximately 2 x 107 50% infectious doses (ID50) of LDV (Riley strain; from the American Type Culture Collection, Rockville, Md.) (10) mented with 3% FCS) with fluoresceinated or biotinylated MAbs reacting with different surface antigens, followed by fluoresceinated streptavidin. After fixation in 0.62% paraformaldehyde, fluorescence and Coulter volume were analyzed with an ATC3000 flow cytometer (ODAM, Wissembourg, France). Incorporation of 7-amino-dactinomycin was measured as described by others (25) . 
RESULTS
B-lymphocyte activation. Spleen cell proliferation was assessed by the thymidine incorporation test at different times after infection with adenovirus. An important proliferation started at day 4 and peaked at day 10 postinfection (p.i.) (Table 1 ). This proliferation correlated with an increase in the volume of a significant proportion of cells, as shown by flow cytometry (Fig. 1) . Typing of these blastic cells with MAbs indicated that approximately 67% of themn were B lymphocytes. Interestingly, the size of some T lymphocytes was also increased, but the proportion of T cells in the population with an enlarged cellular volume (14%) was smaller than in the total cell population (31%). In addition, enhanced labeling with 7-amino-dactinomycin was observed in 11% of spleen cells from infected animals, including 13% of B lymphocytes but only 5% of T cells, compared with 3% of spleen cells from control mice (data not shown). These observations indicated that adenovirus is a potent in vivo activator of murine B lymphocytes.
As expected from the previously reported increase in serum IgG2a and, to a lesser extent, IgG2b levels (8), the production of these isotypes by spleen lymphocytes was dramatically enhanced during adenovirus infection (Fig. 2) . This effect was slightly delayed in comparison to the cell proliferation, but reached its maximum similarly at day 10 p.i.
LDV has also been shown to induce a considerable in vivo activation of spleen cells, characterized by an increase in thymidine incorporation that reaches a maximum at 4 days p.i. and by the production of large amounts of non-virusspecific IgG2a (3, 10, 21, 24) . Flow cytometric analysis of CBA/Ht mice treated with anti-CD4 received 400 ,d of GK1.5 ascitic fluid on days 0 and 5 p.i.
b Blastic cells were arbitrarily defined by their Coulter volume measured in flow cytometry (corresponding to the last column, channels 207 to 255, in Fig. 1 ). The proportion of B and T lymphoblasts is the ratio of blastic over total B and T cells.
spleen cells from mice infected with this virus indicated that a large proportion of activated cells were B lymphocytes (data not shown).
Role of CD4 cells. The T-cell dependence of virally induced spleen cell activation was assessed by injections, during the infection, of an antibody able to inhibit T-helper lymphocytes. This treatment had no effect on the proliferation of spleen cells after adenovirus infection (Table 2 ). Flow cytometry confirmed that a relatively constant proportion of B lymphocytes (approximately 15%) were activated in the animals treated or not treated with the anti-CD4 MAb (Table  3) . Some activated T lymphocytes were observed in both groups of infected mice. Contrasting with the B-lymphocyte proliferation, the adenovirus-induced production of IgG was dramatically reduced by the suppression of functional T-helper cells (Fig. 3) .
Similar results were obtained after LDV infection. Anti-T-helper treatment had no detectable effect on thymidine incorporation by spleen cells (Fig. 4A) but, in contrast, inhibited most of the virus-induced IgG2a production (Fig.  4B ). This decrease in IgG2a as well as in IgG2b in anti-CD4-treated mice did not correlate with any modification in the level of the other IgG subclasses, nor of IgM or IgA (Table  4 ). The kinetics of this suppression is shown in Fig. 5 . A single injection of MAb GK1.5 as late as 4 days p.i. still resulted in inhibition of IgG2a secretion, suggesting that T-helper cell activity was needed when the proliferation of B cells was maximal (10) in order to induce them to secrete immunoglobulins.
IgG production by spleen cells from CD4-depleted infected mice. Whether activated B lymphocytes from CD4-depleted infected mice were still capable of secreting various immunoglobulin isotypes was investigated by cultures of those cells in the presence of stimulating factors. LPS preferentially induced an IgG3 response, comparable to that obtained with spleen cells from control animals ( Table 5 ). IgGl predominated when purified B lymphocytes from T-helperdepleted LDV-infected mice were cultured with rIL-4 in the Table 2 (mean + SE).
presence of LPS, quite similarly to what has been reported for B cells from normal animals (32) (shown in Fig. 6 for a typical experiment). Finally, IFN-y induced some production of the IgG2a isotype but not of the other IgG subclasses (Fig. 7) . This result, which is consistent with data reported by others with normal B cells (28, 29) , was obtained in several independent experiments and was also observed with B lymphocytes from CD4-depleted mice infected with adenovirus (data not shown).
As viruses induce the secretion of IFN--y by T lymphocytes (13) , it was suspected that this cytokine mediated the IgG2a preponderance in antibodies produced during viral infections. Hence, we attempted to prevent the IgG2a production by injecting in vivo anti-IFN--y MAbs, namely F3 (16), R4-6A2 (30), and XMG-1.2 (6), but without success (data not shown).
DISCUSSION
Adenovirus and LDV, while belonging to very different families, have the common property of inducing in vivo polyclonal activation of murine B lymphocytes. Using antibodies able to suppress T-helper-dependent immune functions, we have shown two different phases in this phenomenon: (i) a B-cell activation that was not affected by the injection of anti-T-helper-cell MAb and (ii) an IgG production, restricted to IgG2a and to a lesser extent to IgG2b, that could be suppressed by the same treatment. This observation suggests that T lymphocytes induce the secretion of IgG2a by B cells that are already activated. This hypothesis was supported by the inhibition of LDV-induced IgG secretion by a single injection of GK1.5 at 4 days p.i., when B lymphocytes were already proliferating (10). The role of T-helper cells in virally induced B-lymphocyte proliferation could be similar in some aspects to that observed by others with a parasite such as Trypanosoma cruzi. In this case, anti-CD4 treatment abolished the polyclonal plaque-forming cell response induced by the infection (23 (14, 15, 19) . Influenza virus hemagglutinin displays a similar effect by its binding to the major histocompatibility complex present on murine B lymphocytes (2, 26, 27) . Direct binding of LDV on the Ta molecule, suspected to be the viral receptor (17, 18) , could similarly trigger the B-cell proliferation. However, the role of soluble factors, such as IL-6, a B-cell activator (31), whose secretion is induced by viruses (4), cannot be excluded.
Whereas virally induced proliferation of B lymphocytes seems to be largely T-cell independent, the role of T-helper cells in the secretion of immunoglobulins by such activated B cells was demonstrated by the effect of anti-CD4 antibody in infected mice. In addition, the selective production of various isotypes by B cells from T-depleted infected animals was restored by incubation with T-cell factors, such as IL-4 and IFN-y for IgGl and IgG2a, respectively. These obser- IgG2a levels were measured in supernatants of spleen cell cultures initiated 7 days after infection of CBA/Ht mice with LDV. The day p.i. on which GK1.5 ascitic fluid was administered is indicated, and results are shown for groups of four animals (mean + SE). (9) could be a defensive advantage for the infected host, but is the polyclonal production of IgG2a of any help? Together with a polyclonal cytotoxic T-lymphocyte stimulation (33), the secretion of antibodies able to bind various antigens (J.-P. Coutelier, J. T. M. van der Logt, and F. W. A. Heessen, J. Autoimmun., in press), even with a low affinity, could represent a first defense, before more specific responses can be elaborated. However, without control, this general activation of the immune system could lead to disease (20) . Therefore, identification of the mechanisms that induce and regulate this activation is of major interest.
